We evaluate what distinguishes a highly cited Interfaces paper from other Interfaces papers that are cited less often. Citations are used to acknowledge prior relevant research, to document sources of information, and to substantiate claims. As such, citations play a key role in the evolution of knowledge. More recently, citations are also being used to quantify the impact of papers and journals, a practice not without controversy, but one that motivates our work here. We find that Edelman competition papers, longer papers, tutorials, papers with larger numbers of references to prior literature, and papers with a larger number of "callouts" (a feature no longer used by Interfaces) tend to have a higher number of citations.
N ot all citations are created equal, yet they are counted equally by various impact metrics (syn. factors). These impact metrics are used for an increasing number of purposes, including tenure evaluation by many universities, promotions and awards throughout the scientific community, assessment and ranking of journals such as Interfaces, and even comparison of performance of entire schools and laboratories.
BusinessWeek (2010) calculates an "intellectual capital score" for business schools based on the number of articles published by faculty in 20 journals over the last five years and book reviews published in The New York Times, The Wall Street Journal, and BusinessWeek. Four of the 12 INFORMS journals are on this list.
Wally Hopp, former editor of Management Science, says article submissions doubled following BusinessWeek's recognition, although he is mute about submission quality (Hopp 2010) . There is some question of causal precedence, because BusinessWeek polls the schools to see which journals should be counted toward its own biyearly ranking.
Our purpose in writing this paper is to determine what properties of Interfaces papers have led to more citations, and thus to higher impact scores for this journal.
Edelman papers epitomize Interfaces' mission and are subsequently cited more often.
Background
Modern, formal use of citations in scientific literature dates back only to the nineteenth century-with earlier inconsistent use-as scholars and scientists learned to give continuity to their body of ideas (e.g., Nicolaisen 2007) . Under the rubric of bibliometrics, citation counts have been incorporated into metrics intended to measure the impact of researchers, papers, and journals, a practice not without controversy. As David Kelton remarks, "A paper that is incorrect can lead to a great impact factor" (Kelton 2010) . Bornmann and Daniel (2006) state that Gross and Gross (1927) were the first to use citation counts to evaluate the importance of scientific work. In 1961, Eugene Garfield created the science citation index, both to provide researchers with "quick, powerful access to the bibliographic and citation information they need to find relevant, comprehensive research data" (Thomson Reuters 2010a) , and to more objectively quantify the impact of journals. Of course, "objective" is in the eye of the beholder, but the notion of standardizing impact metrics for consistency across journals and papers has merit. As Garfield (2006, p. 92) states, "Some editors would calculate impact solely on the basis of their most-cited papers so as to diminish their otherwise low impact factors."
Citations are certainly not the perfect measure by which to judge a paper because the quantity of citations is but a crude proxy for quality. This follows because papers are cited for a variety of reasons, not all of which stem from a paper's research quality or contribution.
Researchers interested in measuring scientific impact are divided. On one side are those who believe bibliometric analyses based on citation counts are useful for assessing impact because "a substantial body of literature has shown that the number of citations to scientists' publications are [sic] correlated with other assessments of scientists' impact or influence" (Bornmann and Daniels 2006, p. 46) . On the other side are those who say a paper or scientist is cited for a variety of factors, not all of which are related to the scientific merit of a piece of research. These two positions are not mutually exclusive; we ignore any controversy between them because it does not affect our analyses. Bornmann and Daniel (2006) review the literature on citing behavior and propose the following classifications of citation use: affirmational, assumptive, conceptual, contrastive, methodological, negational, perfunctory, or persuasive. Although a discussion of the details of such classifications is beyond the scope of this paper, the relevant point is that papers are cited for a variety of reasons and not all are related to quality, relevance, or impact. For additional discussion of citation behavior and related issues, see Camacho-Miñano and Múñez-Nickel (2009), Nicolaisen (2007) , Bornmann and Daniel (2006) , Ahmed et al. (2004) , Case and Higgins (2000) , Cronin (1998) , Leydesdorff (1998) , White and Wang (1997) , and Oppenheim and Renn (1978) .
Impact factors and researcher indices are functions of the number of citations that researchers, papers, or journals have received over time. They are often used as measures of the relative importance of a researcher, paper, or journal within a particular field; those with higher impact factors are deemed to have more influence or to be of more relevance than those with lower ones. At the journal level, Thomson Reuters calculates the journal impact factor (JIF) as the average number of citations per article over the previous two years (Thomson Reuters 2010b , Garfield 1994 . Other indexes assess the median age of citations used in papers or journals or the number of citations over a certain period after publication. At the researcher level, the h-index (Hirsch 2005 ) is based on a researcher's most frequently cited papers and is intended to simultaneously account for quality of scientific publication and a broad publication record. The g-index (Egghe 2006) is an alternate method that embellishes the h-index for ranking researchers based on their global publication record. Other indices include Zhang's e-index, the age-weighted citation rate, and numerous other variations of the h-index.
The use of citations to measure impact is not restricted to citation counts in journals. O'Leary (2009) used citations of journals in patents as a way to measure journal impact and the value and relevance of particular business school disciplines to business. Numerous lists of the most highly cited papers in various disciplines have been (and continue to be) published, including Frogel (2010) for astronomy, Patsopoulos et al. (2006) for medicine, Ryan and Woodall (2005) for statistics, and Shapiro (1985) for law. Ryan and Woodall (2005) suggest some characteristics of the most frequently cited papers in a family of journals, rather than one as we do here. FernandezAlles and Ramos-Rodriquez (2009) consider a similar question to our own in an analysis of the journal, Human Resource Management, and find that the articles cited most often tend to have a macroscopic approach centered on an analysis of an organization's performance.
Impact factors and indices are subject to all the criticisms and weaknesses of any metric or statistic, particularly when they are used to rank or are used improperly, over interpreted, or over applied. Adler et al. (2009) offer an excellent exposition of these issues. We agree with and echo their concern that excessive reliance on the use of impact factors, and bibliometrics in general, to rank research programs, journals, and scientists oversimplifies such assessments and can be erosive.
In this paper, we consider citation counts as our sole metric and evaluate what distinguishes a highly cited Interfaces paper from other Interfaces papers that are cited less often. We avoid the controversy about bibliometrics in that we do not suggest that the highly cited papers are better than those that are not highly cited. Rather, our interest is in exploring whether there is an association between a paper's characteristics and whether or not it is highly cited. Of course, some characteristics may be directly related to a paper's scientific merit or impact. However, others may simply be due to other qualities, such as a paper's readability, accessibility to a wider audience, type of subject matter, or even length.
Interfaces is published bimonthly. It was started in 1970 by The Institute of Management Sciences (TIMS) and is now published by INFORMS. Norden (1970) describes the genesis for the journal as stemming from a worthwhile body of applied operations research that might not meet the requirements of classical refereeing, but is still worthy of publication for managers and practitioners. Norden (p. 1) states that Interfaces "will publish digests and highlights of current, interesting, and useful work." Forty years later, we feel Interfaces still gives OR practitioners a place to publish interesting and helpful articles to better the policies and decisions of practitioners. Although the style of the journal has changed slightly over the years, its focus and scope have prevailed.
The Data
We assembled a database of 20 years of Interfaces papers from 1989-2008 using the electronic tables of contents on the INFORMS website (http://pubsonline. informs.org/). The data include the title of each paper, key words, lead author and affiliation, total number of authors, year of publication, volume and issue number, starting and ending page numbers, type of paper, and whether or not the paper was a finalist in the Edelman competition. The database focuses on Interfaces papers, columns, and editorials, and does not include practice abstracts or book reviews. Our database contains 1,133 papers: 1,005 articles, 99 columns, and 29 editorials (see Figure 1 ). Onto this list, we merge the citation counts that we downloaded from the ISI Web of Knowledge (WoK) website (http://apps.isiknowledge.com/) on August 15, 2009. By using WoK, we restrict our focus to citations from traditional and largely scholarly sources. WoK has its flaws; for example, it does not index the INFORMS journal Decision Analysis (a discovery we conveyed to WoK). However, it has the advantage of ensuring that the counts are based on unique citations. Other electronic tools that use Web searches, such as Google Scholar (http://scholar.google.com) or Publish or Perish (http//www.harzing.com/pop.htm), frequently contain duplicate citations resulting from a source being posted (or, at least, accessed) on the Web more than once. Furthermore, we find some of the Web sources that these tools count are less than either scholarly or authoritative.
As more material moves to the Web, including the newer online journals, one might argue that the use of WoK misses relevant citations. However, our goal is to gain insight into what separates highly cited Interfaces papers from less frequently cited ones; therefore, the precise quantification of citations is of less relevance than an authoritative and reliable method for classifying the papers into those with large numbers of citations from those with fewer numbers. In addition, given that we are looking back over 20 years to a period before the widespread use of the Web, WoK provides a more consistent citation-count procedure for comparing the older and newer papers.
Downloading the citation counts is relatively simple using WoK; all one needs to do is enter the journal title and choose some dates. Merging the data, on the other hand, is not as simple because of the large variations in paper titles and author names between the INFORMS tables of contents and the WoK data. Ultimately, we chose to merge the two data sets based on a unique key for each paper; the key consists of volume number, issue number, beginning page number, and ending page number. This key was sufficient to allow us to successfully merge 90 percent of our data. Because of various errors and mismatches, such as page-number errors or papers split into multiple parts, we had to manually resolve the remainder prior to doing the merge. When we finished, the two databases matched, with the exception of eight papers that are not listed in WoK. For these we used Google Scholar to retrieve citation counts where, as of September 2009, six papers had zero citations and two had one citation each.
There is a lesson here for current authors and editors: getting citations right is vital to maintaining the continuity of our tree of knowledge.
For the 1,005 articles, 99 columns, and 29 editorials from 1989-2008, the mean number of citations is 6.6. Just under 25 percent of all the articles, columns, and editorials have zero citations, another 14 percent have one citation; and 11 percent are cited twice. Thus, slightly less than 50 percent of the papers are cited two or fewer times. Across all the papers, the median citation count is three and the 75th percentile is seven. By contrast, the six most often cited papers each have 100 or more citations, with the top one in our count garnering 238 citations. We list these papers in order of the number of citations.
1. Glover, F. 1990 In Figures 2 and 3 we see, not surprisingly, that the number of citations decreases in more recent years. This is most likely just an artifact of the lag in publishing; the papers within the past five years, and perhaps even the past decade, have lower counts because many of the papers that will cite them have yet to be published.
Analyses and Results
We present two analyses. The first evaluates the number of citations by various paper characteristics derived from the data in the tables of contents for all 1,133 papers. The second evaluates the number of citations by characteristics derived from the papers themselves, where we compare the 59 most frequently cited papers (see Appendix A) against a sample of papers with no citations. These 59 papers are defined as being at or above the 95th percentile for the citation count for the year in which they were published. The papers with no citations were drawn by year to correspond to the year distribution of the papers cited most frequently.
In our analysis of all the papers, we evaluate the following characteristics.
• Paper length (number of pages) • Edelman competition paper or not • Number of authors • Type of paper (article, column, tutorial, or editorial)
• Lead-author affiliation (academic or not) The most statistically significant factor (p < 0 0001 associated with the number of citations is whether the paper is a tutorial. We identified nine papers that can be classified as tutorials in our data. These are a small fraction of the papers we examine; however, they are the only ones to have the word "tutorial" either in their title or content descriptor. The tutorials have a mean citation count of 44.0. Glover (1990) again has the most citations; however, even if we exclude Glover's paper, the difference in mean citation counts is still significant (p < 0 004 , with the remaining tutorials having a mean citation count of 19.8. In Appendix B, we list the tutorials by year, journal number, and then lead author, and we include the number of citations for each.
The next most statistically significant factor associated with the number of citations is paper length (see Figure 4) . The figure shows an obvious positive correlation (r = 0 45 , although it also shows that papers with zero citations span almost the entire range of paper lengths. On average, across all the papers, each additional page of an article is associated with an increase of one additional citation (p < 0 001 . However, that average is heavily influenced by the highly cited papers. When we focus on those papers at or below the 75th percentile of the number of citations, we see that every seven-page increase in a paper's length is associated with one additional citation (p < 0 001 . However, regardless of the citation rate per page, longer papers are associated with more citations.
Edelman papers are also positively associated with an increased number of citations. On average, across all the papers, an Edelman competition paper has Figure 4 : We plotted the number of citations vs. number of pages for each paper (on a started log-log scale and jittered to mitigate symbol overplotting).
an average of 3.3 citations more than a non-Edelman paper (p < 0 02 . As with paper length, this average is heavily influenced by the highly cited papers. When we focus on those papers at or below the 75th percentile, we see that the mean number of citations for papers from the Edelman competition is statistically indistinguishable from the mean for non-Edelman papers. Edelman competition papers comprise a disproportionate fraction of the upper 25th percentile (21 percent of these are Edelman competition papers, although these papers comprise only 11 percent of all papers). Figure 5 shows that the entire distribution of the number of citations is clearly shifted upwards for the Edelman competition papers when compared to the non-Edelman papers.
Interestingly, the number of authors is sometimes mildly negatively associated with the citation count. With a simple linear model fit to all the papers, on average, each additional author is associated with a decrease of 0.73 citations (p < 0 01 after accounting for the effects of paper length and Edelman competition status. This relationship holds when we look at those papers at or below the 75th percentile of citation counts, although the effect is less with each additional author and is associated with a decrease of 0.11 citations (p < 0 03 . However, when fitting a model that includes year indicators to account for temporal differences, such as in editorial policy, the number of authors becomes insignificant.
Finally, across all the papers, columns are associated with an increase in citation counts, although this association disappears when we look at the papers at or below the 75th citation-count percentile. Little to no statistical difference exists between articles and editorials; nor is there any difference based on lead-author affiliation.
To assess the impact of these characteristics on the number of citations, we fit a linear model with the started log of the number of citations as the dependent variable and paper length, Edelman competition status, type of paper, number of authors, lead-author affiliation, and year indicators as independent variables. The coefficient of determination (R 2 varies depending on the parameterization of the model; however, the largest R 2 is 0.35 across all the models. This indicates that the characteristics we evaluate account for at best about one-third of the variation in the number of citations.
We also evaluate a subset of the papers based on characteristics derived from the papers themselves. Because this was a manual process of literally counting various paper characteristics, we did not attempt to evaluate all 1,133 papers. Rather, we compared the most highly cited papers by year to a subset of papers that had no citations, but were from the same year and were comparable in length. The characteristics we assessed are the number of:
• Figures • Tables  • Numbered equations • "Callouts" • References A "callout" (i.e., "pull quote" or "lift-out quote") is a phrase or sentence from the paper, perhaps paraphrased, that is displayed prominently in 14-point font, as shown in callout instances, somewhere in the paper. Generally, these callouts are inserted by the editorial staff to call attention to potentially interesting aspects of a paper. Callouts were present in the first 15 years of papers in our Interfaces database; the practice was evidently discontinued in 2004. Interfaces 40(6), pp. 454-464, © 2010 INFORMS Comparing the highly cited papers and the noncited papers, the mean number of figures, tables, and numbered equations is statistically indistinguishable between the two groups. However, the mean number of callouts is statistically different (p < 0 004 . Focusing on the 15 years of papers with callouts, the highly cited papers had an average of 2.7 callouts; the noncited papers had an average of 1.6 callouts.
Callouts were present in the first 15 years of papers in our Interfaces database; the practice was discontinued in 2004.
The number of references given by the authors in their work also shows a significant association (p < 0 006 with the number of citations their work subsequently receives. The highly cited papers have an average of 26.3 references; the noncited papers have an average of 15.4.
In addition to the data we developed, we asked INFORMS for comparative data for all 12 of its journals. Table 1 shows WoK impact metrics ranked in decreasing order of INFORMS subscription counts.
Interfaces is ranked third in subscriptions, but last in impact factors. Evidently, Interfaces attracts many more paying subscribers than citations counts can explain. Interfaces' mission is to publish a worthwhile body of applied operations research that is dedicated "to improving the practical application of OR/MS to 
Discussion
In this paper, we have assessed some of the characteristics that differentiate highly cited Interfaces papers from papers that are cited less often. Our findings inevitably lead to additional questions. For example, paper length is positively associated with the number of citations. Do longer papers garner more citations simply because they communicate more information that is citable? Could it be that important or significant topics, which would naturally tend to be cited, also take more pages to develop and communicate, or is there some other aspect that is driving both length and number of citations? For example, are editors and reviewers perhaps more tolerant of longer good papers? Similar questions arise when thinking about why Edelman competition papers are cited more than non-Edelman papers. An attractive hypothesis is that Edelman papers epitomize Interfaces' mission and, as such, the journal's readership cites these papers more often in subsequent research. On the other hand, Edelman papers surely benefit from prescreening and additional preparation that is part of the Edelman competition, Edelman competition finalist status engenders interest, and the INFORMS promotion of polished video presentations surely attracts a wider audience to these papers.
Our sample of only nine tutorial papers may not justify any conclusion about the impact of tutorials, but these papers do seem to attract many more citations. The tutorial style of the papers is not necessarily solely what attracted the increased number of citations. As we understand it, the authors of these particular tutorials were recruited, likely for their expertise in their particular subject area, but perhaps also for their reputation, writing ability, and possibly other factors such as new research contributions that are in fashion but not necessarily accessible to the average Interfaces reader.
The observed increase in citation rates could be due to any of these factors. Similarly, we note that four of the nine tutorials come from a single issue of Interfaces (1990, Volume 20, Issue 4) . This suggests another factor that may have had some effect on the increased citations. Regardless, the disparity between mean citations is interesting, and the citation rates of the tutorials demonstrate that readers found value in these types of papers. This suggests that the Interfaces editorial staff may want to commission more such papers.
The association between callouts and number of citations is unexpected. Do callouts induce citations because the highlighted phrases attract the attention of readers who would not otherwise have read the papers? Or, is it possible that callouts reflect inherently interesting aspects of a paper that would have been cited regardless of being highlighted in a callout? Interfaces should consider reinstituting callouts.
Given that callouts were discontinued in 2004, something of a natural experiment is currently in progress. Figure 3 shows a substantial drop in the number of citations from 2004 on. Some of this is undoubtedly because of the recent publication of these papers, but the dramatic decrease from 2003 to 2004 is suggestive of a possible callout effect. Given the confounding in the data between paper age and the discontinuation of callouts, as well as possible confounding with other temporal effects, it is premature to conclude that callouts promote increased citations. However, in another five years or so, when these newer papers have had a chance to season, and particularly if Interfaces reinstitutes callouts, it would be worth taking another look at the data to see if a difference in the number of citations for these papers remains.
Finding that papers that make more references to prior literature tend to be cited more often is not surprising. Is a paper with more references better researched? We think so. The lack of literature review supporting some papers surprises us.
Interfaces may want to commission more tutorials.
In this paper, we limit the analysis to objectively quantifiable characteristics such as paper length and author affiliation, although when we planned our research we also considered evaluating less easily and sometimes more subjectively quantifiable characteristics. For example, we considered characteristics such as the primary research area and the reputations of the authors as well as the clarity of the writing and the importance of the research topic.
We ultimately chose not to address some characteristics for the purely practical reason that the level of effort it would take to collect and compile the data was beyond our capacity to execute. Indeed, the biggest frustration that arose during our research was our inability to convert electronic copies of papers into an easily editable form with existing technology so that we could use off-the-shelf tools to assess the quality and readability of the writing. We hope to complete such analysis when this becomes possible in the future, as we trust it will.
We also chose not to address some more qualitative characteristics of the papers because we were not comfortable quantifying them with simple metrics. This is exactly what bibliometrics seeks to do; however, we are wary of assessments based on oversimplified metrics.
Conclusions
Our research for this article has given us reason to reread and think about a lot of good papers, and revise the list of papers we expect our students to know. That has been pure pleasure.
Interfaces should consider reinstituting callouts (as we have done in this paper).
As for the BusinessWeek selections and their potential influence, we believe it is significant that the journals used in the rankings are chosen by business school professors, not by MBA students or other BusinessWeek patrons, who would potentially prefer Interfaces over the selected INFORMS journals. To us, Interfaces is the Harvard Business Review of analysis, full of real-world, contemporary, well-edited case studies. We wonder what BusinessWeek would discover if it put its journal selection in the hands of business school graduates, readers, and their employers, rather than business school professors.
We advise BusinessWeek to reconsider its journal selection criteria to consider not just the opinion ofwell, theoretically, purely academically competitive professors-but also the opinion of business school students and their prospective employers. We suspect such a change would highlight Interfaces for its many practical allures, including the useful and successful application of quantitative methods and the distinguishing Interfaces requirement that reported results be certified by a beneficiary client. After all, intellectual capital is most useful if it works in the real world. Perhaps Shewhart (1931, p. 18 ) said it best: " the fact that the criterion we happen to use has a fine ancestry of highbrow statistical theorems does not justify its use. Such justification must come from empirical evidence that it works." 
